INTRODUCTION
number of reasons. Generally, the species is vegetatively propagated by extension of rhizomes or rhizome splits under favorable environmental conditions.
It is imperative to protect local species population by reintroduction, or by developing vegetative and sexual methods of propagation to re-establish them in their natural environment or under cultured conditions [Khawar et al. 2005 , Parmaksiz and Khawar 2006 , Ozel et al. 2008 , Soyler et al. 2012 . It is notable that induction of in vitro morphogenetic response from the seeds is very limited. The seeds of this iris species most often fail to germinate, apparently because the seed coats prevent cell differentiation [Arditti and Pray 1969] . There are various studies on seed dormancy break in different plant species including iris species [Morgan 1990 , Blumenthal 1986 , Bell et al. 1995 , Liu et al. 1998 , Finch-Savage and Leubner-Metzger 2006 , Sun et al. 2006 , Rajjou et al. 2012 .
Natural seed propagation of I. suaveolens is inefficent and very slow. There is no scientific study to propagate the species under in vitro or ex vitro conditions and evaluate it for large scale commercial propagation.
The seeds of numerous species (belonging to family Iridaceae) often develop dormancy [Arditti and Pray 1969, Tillich 2003 ] and the dormant seeds are difficult to germinate. This restricts establishment of new plants to maintain population size at desired levels.
Solution to seed dormancy release can be helpful to conserve the species under unpredictable natural conditions. Most outstanding types of seed dormancy incorporate mechanical [Blumenthal et al. 1986 ], morphological, morphophysiological [Coops and Veld 1995] and physiological dormancy [Arditti and Pray 1969, Morgan 1990 ], singly or in combination. This conserves species to survive their sprouts under alluring conditions [Tillich 2003 ]. It is vital to break high seed dormancy among this species for reclamation of their plantings at places, where their population is under threat.
Some experiments have accounted to explore the impacts of treatment to remove the integument at the micropylar end in iris seed germination [Blumenthal et al. 1986 ]. However, factors affecting the seed dormancy may vary from species to species in relation to environmental and developmental conditions. It is well established that plant growth regulators play an important role during the seed germination [Ritchie and Gilroy 1998 ] and affect the physiological processes like growth and differentiation of plant cells [Ritchie and Gilroy 1998, Nadjafia et al. 2006] . Plant growth regulators like BAP (with cytokinin-type activity) and NAA (with auxin type activity) are also known to promote seed germination and break seed dormancy [Greipsson 2001 , Nadjafia et al. 2006 , Soyler and Khawar 2006 . It is well known that GAs also promote enzyme synthesis by converting stored starch nutrients to sugars. This, in turn, helps seed germination through reduction of abscisic acid and improved [Manz et al. 2005 , Nadjafia et al. 2006 ] rapid cell respiration. However, changing environmental conditions also have bearing on germination behaviour of the seeds.
Variability in light-gibberellin and nitrate requirement of Arabidopsis thaliana seeds due to harvest time and conditions of dry storage effects seed germination is significant [Derkx et al. 1993a] . Comparative positive effects of kinetin, benzyladenine, and gibberellic acid on abscisic acid inhibited seed germination and seedling growth of red pine, Arbor vitae and capparis were noted Khawar 2006, 2007] . It has also been reported that arabidopsis seed dormancy can be broken by treatments like light, cold stratification and growth regulators or chemicals like gibberellins and KNO 3 Karssen 1993a, b, Ali-Rachedi et al. 2004] , NO -nitric oxide [Bethke et al. 2007] , singly or in combination. Changing sensitivity to light and nitrate, but not to gibberellins, regulate seasonal dormancy patterns in Sisymbrium officinale seeds [Derkx and Karssen 1993b] . The external factors for seed germination could substitute or replace each other in complimentary or supplementary way [Cone and Spruit 1983] depending on genotypes, and the length of treatment time before or after ripening that could be determined by empirical testing [Finch-Savage et al. 2007] . Along these alluring lines, the aim of the study was to develop a protocol for breaking seed dormancy of highly interesting and priced ornamental I. suaveolens from Turkey. Tetrazolium test. Fresh, I. suaveolens seeds were used to evaluate the viability of the seeds (black colored, sub-globose seeds -about 0.4-0.5 cm in length and 0.3-0.35 cm in width). Three samples of 50 seeds each were carefully given vertical cuts avoiding damage to embryos using sharp scalpel blades to remove seed coats. These were soaked in 1 mg/ml 2, 3, 5 tetrazolium chloride solution in falcon tubes for 24 hours at 24 ±1°C.
MATERIAL AND METHODS

Plant
All seed embryo tissues transforming bright transparent solution to formazan (red color) by reduction of tetrazolium chloride were accepted as viable. Whereas, variably red stained (light red coloured or mosaic red colored) embryos were counted weakly viable.
The seeds with (i) light red colored, mosaic red colored or (ii) non stained cotyledon tissues including embryos (plumule, embryonic axis and radicle) were considered dead [AOSA/SCST (2010)].
Seeds surface sterilization. The intact and non-infected seeds were precisely selected and surface was sterilized using 30% commercial bleach (3% NaOCl Ace, Turkey) and rinsed 3 × 3 min with sterilized distilled water to remove traces of bleach.
Three separate experiments were conducted to break seed domancy of I. suaveolens.
Treating seeds with plant growth regulators on MS medium. The first experiment consisted of the seeds cultured on MS and MS medium containing diverse concentrations of 0, 0.3, 0.9, 1.5, 2 mg L -¹ BAP + 0.6 mg L -¹ NAA supplemented with 20 g L -¹ sucrose. All cultures were maintained at 24°C under 16 h light photoperiod and 35 mol m -²s -¹ light intensity. Germination was recorded following eight weeks.
Combined alternate cold-warm treatments on MS medium. In the first experiment, the seeds were placed on MS medium containing diverse concentrations of 0, 0.3, 0.9, 1.5, 2 mg L -¹ BAP + 0.6 mg L -¹ NAA supplemented with 20 g L -¹ sucrose. The seeds in the first level were given alternate cold treatment at 4 ±1°C for eight weeks (dark). The seeds belonging to the second, third and fourth levels were alternate cold treated in dark at 4°C for 6, 4 and 2 weeks followed by warm treatments for 2, 4 and 6, weeks (16 h light photoperiod) respectively, as shown in Table 1 . The seeds in the 5th treatment were cultured at 24 ±1°C for eight weeks (16 h light photoperiod).
Scarification under light and dark conditions on MS medium. In the third experiment, H 2 SO 4 scarified seeds for 10 min were placed on MS medium supplemented with 20 g L -¹ sucrose at 24 ±1°C under 16 h light photoperiod using 35 µmol m -²s -¹ light intensity or darkness at 4°C.
The control treatment consisted of non scarified seeds. Similarly, these were also cultured on MS medium and incubated under 35 mol m Acclimatization. Before transplanting the plants, they were taken out of agar containing medium, washed with water and placed in water for 30-40 min in agreement with Aasim et al. [2010] to avoid shock to the germinated plantlets.
The germinated iris plantlets were transferred to 20-cell seedling trays covered with 17.78 cm long and 15.24 cm wide transparent adjustable rectangular boxes provided with two controlled vents that could be opened and closed any time to allow air circulation and maintain/adjust moisture level. The seedling trays contained peat moss. These (seedling trays covered with vented plastic domes) were kept up in the growth room for hardening for 15 days. Thereafter, the plants were transferred to the greenhouse under controlled conditions of temperature and humidity. They were transferred to the fields during April 2017 under ambient conditions of temperature (16-20°C during days and 8-12°C during night) and 55-65% humidity. The soil in each tray was spray treated with aluminum ethyl-14C phosphite after three days of culture to avoid development of any fungal disease [Soyler et al. 2013] . The plantlets were regularly monitored and compared with original plants (control) for the seeds, fruits, flowers (spathe, perigonium, androecium, gynoecium), inflorescence, and leaves to check morphological abberations.
Statistical analysis. Sixty seeds, equally divided into 6 replications of 10 seeds (6 replications × 10 seeds), were used for each treatment. Statistical analysis of data in all experiments were performed by IBM SPSS 24. The data presented in percentages were subjected to arcsine transformation [Gomez and Gomez 1984] . All values were reported as means ± standard error.
RESULTS
Tetrazolium test.
All viable seeds showed red staining with formation of formazon after reduction of the tetrazolium solution during seed testing. Non-viable seeds and embryos that were shrivelled and smaller in size could be distinguished by a white color or non-formazan staining. No intermediate shading or mosaics were noted on them. Therefore, it was conceived that tetrazolium test could be used as a reliable viablity test for I. suaveolens with viablity of 64.5%. as control under in vitro conditions induced very low (0-3.33%) or negligible seed germination after eight weeks of culture (Fig. 1) .
Plant-growth regulators treatments on MS medi-
Combined alternate cold-warm stratification treatment on MS medium. It was assumed that culturing I. suaveolens seeds on MS medium ensured by combined alternate cold-warm stratification treatments could effectively break their dormancy.
However, (i) cold, (ii) warm and (iii) cold + warm stratification treatments were generally not effective. Seeds exposed to cold treatment for 8 weeks did not germinate (Fig. 2) .
Only 5% seed germination was noted on 6 weeks cold + 2 weeks warm and 4 weeks cold + 4 weeks warm stratified seeds. The seeds showed 8.33% and 3.33% germination on (i) 2 weeks cold + 6 weeks warm and (ii) 8 weeks warm stratification, respectively. All cold and warm stratified seeds showed abnormal growth ( Fig. 3a) with albino, weak, feeble and undersized seedlings. These seeds never turned to seedlings.
A comparison of results showed that only cold stratification treatment was not enough to break seed dormancy at sufficient level.
Combined scarification and stratification under dark and light conditions on MS medium. The impact of mechanically scarified seeds cultured on MS medium in 16 h light showed significant improvement with 60% gemination compared to all other treatments (Fig. 4) . Scarified seeds, incubated on MS medium in darkness, germinated in 8.33%.
Only 3.33% seed germination was noted on non-scarified seeds cultured under light and no germination was noted on non-scarified seeds under dark conditions.
Non-scarified seeds on control treatments under 16 h light photoperiod germinated abnormal, albino, poorly physiqued, weak, and undersized plantlets.
Healthy seedling growth was noted on scarified and stratified seeds (Fig. 3b, c) irrespective of photoperiod treatment and rate of germination. They had rapid (Fig. 3d, e, f, g ) and roots (Fig. 5a, b, c) on MS medium after 18 weeks of culture. Germinated seedlings were transferred to pots for development into plantlets.
Acclimatization. The germinated iris plantlets (48 in number) had no difficulty to grow in seedling trays enclosed with transparent, vented domes, during hardening for 15 days in the growth room under 16 hour light 35 mol m -²s -¹ light 8 hours dark photoperiod at 24 ±1°C. Thereafter, when the plants showed good growth under greenhouse without any stress, vented domes were completely removed. These plants did not face any problem under field conditions and showed 100% acclimatization. Growth and developmental behavior of the tissue cultured 13-14 cm long plants under field conditions guaranteed effective adjustment of tissue cultured plants compared to the 11-12 cm long plants growing at the indigenous habitat. These plantlets induced flowers after about 12 months growth in the field and set flowers during late March-late April.
DISCUSSION
In spite of impressive advance over past decades [Graeber et al. 2012 , Rajjou et al. 2012 , seed dormancy stays "one of the minimum studied wonders in seed science" [Finkelstein et al. 2008] . Seed dormancy is an important trait to plant survival and guarantees that seeds grow just when natural conditions are ideal [Amen 1963 ]. This is a versatile attribute in various seed-plant species, empowering wild plants to make due under distressing conditions in nature [Finkelstein et al. 2008 , Rajjou et al. 2012 .
Previous literature portrays cold [Blumenthal et al. 1986 ] and warm treatment [Morgan 1990 ], synthetic [Sun et. al. 2006] and physical scarification of iris seed coats [Blumenthal et al. 1986] or techniques utilizing mixes of chilly, warm treatment [Jones 2012 ] and scarification to break iris seed dormancy. The results from this study confirm previous studies and approve the use of alternate cold and warm treatments along physical scarification for breaking seed dormancy of I. suaveolens. Many researchers have explored dormancy among Iris species [Blumenthal et al. 1986 , Morgan 1990 . Germination of I. suaveolens seeds has not been examined, as the knowledge is limited and the net cause of dormancy is not known.
There are studies on morpho-physiological dormancy of different species of iris [Blumenthal et al. 1986 , Sun et al. 2006 , excluding I. suaveolens. These experiments were carried out to find the effects of BAP + NAA treatments, cold warm stratification and scarification + cold warm stratifications on breaking seed dormancy.
The reported studies show that there is a conceivable significance of morpho-physiological dormancy in almost all species of iris with a very few species that do not need any treatment to break seed dormancy [Stoltz 1968 , Arditti and Pray 1969 , Tillich 2003 , Jones 2012 . Most of these need a growth and development time to get mature embryos in seeds to break dormancy [Tillich 2003 ].
The zygotic embryo of I. suaveolens in a developing seed is rudimentary and around 1.5-2 mm in length (personal observation), which needs maturing with mutiplication of cells to germinate the seeds by emergence of radicle. Scarification + warm treatment is important for germination proposing that inhibitors in the seed endosperm and embryo must be wiped out before radicle emergence [Amen 1963 , Stoltz 1968 , Arditti and Pray 1969 . Morpho-physiological domancy is frequently overcome through a blend of scarification and either warm and chilly treatments or any of them used singly to break dormancy [Arditti and Pray 1969] . Results of the study confirm that I. suaveolens seeds coat mechanically confined germination like other Iris species [Stoltz 1968 , Blumenthal et al. 1986 . Giberellic acid treatment overcomes dormancy in the species recommending profound dormancy in its seeds [Jones 2012 ]. The results of this study also confirm that combined physical, morphological, and physiologicl barriers are also responsible for inducing the seed dormancy of I. suaveolens and need very careful handling.
Results of this study underscore importance of blending scarification and warm treatments under light. Seed treatments with hormones were also ineffective in contradiction to Sumlu et al. [2010] . Scarification and cold treatments under dark failed to sprout seeds in contradiction to Morgan [1990] , who germinated seeds of I. virginiana by applying cold moistened tratments after warm moistened treatments.
The highest germination of I. suaveolens was accomplished by culturing scarified seeds for eight weeks under warm and moistened conditions in light at 24°C. The same treatment induced 2% germination under cool dark conditions. The results confirm that the seeds had also thermal and photoperiod dormancy that can be alleviated by scarification treatments. Results (60% germination) are almost in parallel to those of tetrazolium test (64.5% viability). It is also assumed that inbreeding and small populations hinder reduced seed set along with high seed dormancy in remaining seeds of endemic and threatened plant species [Severns 2003 ].
Success in acclimatization of in vitro grown plants is a vital for commercialization [Mokhtarzadeh et al. 2013] . Breaking seed dormancy guarantees a higher yield and quick proliferation of sprouted plants, consequently survival of the plantlets following transfer to the fields determined the effectiveness of this protocol. Blossoms of in vitro germinated plants were likewise seen to be morphologically like the naturally grown plants. All sprouted seedlings showed normal growth and development under field conditions, as they were hard enough to acclimatize under indigenous conditions and guaranteed a superior survival with no morphological variations from the norm.
CONCLUSIONS
This study underlines the importance of combined treatments to break morpho-physiological seed dormancy of I. suaveolens. The study further points out the significance of combined scarification, phytohormonal treatments and alternate cold (dark) -warm (16 h light photoperiod) treatments on agar solidified MS medium under in vitro conditions for easy breaking of I. suaveolens seed dormancy.
